A portable peak flow meter based on a turbine transducer that can display results in code has been developed. Its performance compares well with the Wright peak flow meter. Records of subjective self assessment of asthma on a visual analogue scale and of peak flow (PEF) were compared in 12 subjects with asthma. PEF measurements were made with a coded meter for two weeks and an uncoded meter for two weeks in random order. The correlation between visual analogue scale score and PEF was invariably stronger when PEF was known. Changes in perception of asthma were measured by comparing the slopes and relative positions of the regressions of visual analogue on PEF. When PEF was uncoded awareness of asthma was significantly increased in five patients, predominantly those whose perception was poorest while they were using the coded meter, and decreased in only one patient. In two patients the results were unsuitable for this type of analysis. Knowledge of PEF therefore may influence subjective self assessment in patients with bronchial asthma. For objective studies of symptoms of asthma, PEF readings should be unknown to the patient. Perception of asthma may, however, be improved in patients with poor ability to detect changes in bronchial calibre by uncoded measurement of peak flow at home.
In the outpatient investigation of asthma it is customary to give patients a peak flow meter and a diary card to record their peak expiratory flow (PEF) together with some index of symptoms. The relationship between the subjective self assessment and the objective PEF measurement provides information about perception of asthma. The peak flow meters in common use are the Wright peak flow meter and the mini Wright peak flow meter, with which the patient records the PEF from the dial or scale. It is possible that the knowledge of PEF measurements thus gained influences subjective self assessment and alters perception of asthma.
We have developed a portable peak flow meter with an electronic display that can be coded. We compared our instrument with the Wright peak flow meter and investigated whether self assessment of asthma is influenced by knowledge of recent PEF measurements. 672 relayed to the electronics housed in the instrument case. The instrument selects and displays the maximum flow rate sustained for more than 10 milliseconds. We preset the range of each instrument so that the top of the scale represented a steady flow of 7201 min 1 (this is adjustable).
The display can be coded. The code is obtained by (a) using symbols to represent single numerals, tens, and hundreds for example, 1, 2, 3, 5, 6, 8, 9, -, A, E, U, and (b) interchanging the position of the ones, tens, and hundreds. We divided the scale into one hundred steps; by the use of more digits a greater number of steps are available. The only information a user needs is the code for zero: -IU.8. There are three switches on the instrument case (fig 1) -an onoff switch, a reset button for returning the display to zero, and a blow-read switch. During the peak flow manoeuvre this switch is on "blow" and the display reads zero (-I U.8). After the manoeuvre the switch is turned to "read" and the peak flow is displayed and held.
The Codaflow runs on four HP7 batteries or their equivalent, which have a life of several months in normal use.
PERFORMANCE
We have compared the performance of the Codaflow with the Wright peak flow meter, using steady flow Higgs, Richardson, Lea, Lewis, Laszlo rates and artificial peak flows.' With both techniques the Codaflow had a linear response to within 1% whereas the Wright PFM was less linear, as described previously.2`4 In a clinical comparison in 100 outpatients close agreement between the readings from the two peak flow meters was obtained' (fig2).
Performance is dependent on the characteristics of the turbine and does not change with use, or between instruments provided that the turbine manufacture is identical. Eight instruments have now been tested. Variation between instruments is less than 2%, both for steady state and for artificial peak flows. After extensive use the Codaflow has proved to be reliable with no change in performance characteristics. So far we have used only one variant of the code, which no user has broken in a total of more than 1500 user days.
Subjects and methods
We studied 12 subjects with unstable asthma, 10 male and two female, aged 19 to 59 years. The duration of their asthma varied from 13 to 40 years. All medication remained unchanged for the period of the study, /2 adrenergic inhalers being used as required in most cases. Each patient recorded a subjective assessment of asthma followed by three consecutive values of PEF at least three times a day for four weeks, using a coded peak flow meter for two weeks and an uncoded meter for two weeks in randomised order. Each meter was calibrated before use. Self assessment of the severity of asthma was made by marking the answer to the question "How is your asthma?" on a 10cm visual analogue scale labelled "no asthma" at the left end and the "most severe" ever experienced at the right. The subjects answered this question in relation to their asthma at the present moment.
The results were analysed by plotting asthma score on the visual analogue scale against the best of the three peak flow readings recorded immediately afterwards. Regression lines were obtained for observations using the coded and uncoded meters respectively and compared by analysis of variance. The methods used were as described by Armitage5 for comparing differences in slopes, and where slopes are not significantly different for comparing the position of the regression lines (analysis of covariance). When the residual variances about the regressions were significantly different we used the G statistic.5 Correlations of visual analogue asthma score with PEF were compared by means of the Z statistic. analogue scale asthma scores against PEF were obtained from 10 patients, allowing comparison of correlation slopes, and relative positions. An example is shown in figure 3 . In two patients who showed an obvious threshold for symptoms of asthma this analysis was not possible. For all 10 subjects the correlation between visual analogue asthma score and PEF was closer when the uncoded meter was used; in five subjects the difference reached significance at the 5% level. In no subject was the correlation closer when PEF was coded (table 1). In all 10 patients whose data were suitable for analysis the correlation between visual analogue asthma score and PEF was significant at the 1 % level when they were using the uncoded meter, ranging from -0-46 to -0 87. For the coded data correlations ranged from -007 to -074, achieving significance at the 1% level in seven patients. There was no difference between those using the uncoded meter first and those using the coded meter first.
The slope of the regression line is an index of awareness of change in severity of asthma as measured by PEF. The slope was significantly steeper at the 5% level (more negative) during use of the uncoded meter in five subjects (table 1). In one subject the slope was significantly steeper during use of the coded meter. Mean PEF values and mean visual analogue asthma scores (table 2) were not significantly different between the coded and uncoded periods. In the five subjects whose slopes changed significantly the mean PEF values were 351 1min-' for the uncoded period and 3271 minfor the coded period, again not significantly different; but the visual analogue asthma scores were 430 mm for the uncoded period and 25-1 mm for the coded period.
A difference in position of the regression lines for the coded and uncoded meters also indicates a change in subjective assessment-that is, with an upward shift in position there is an increase in the subjective scoring of asthma for a given PEF. The regression line was significantly higher in position (p < 005) during use of the uncoded meter in five subjects. In one subject there was a significant upward shift in position using the coded meter.
The subjects whose awareness of change in severity of asthma was substantially altered by knowledge of PEF were not distinguishable by age, sex, duration of asthma, severity of asthma, diurnal variation in PEF, or order of peak flow meters. Six subjects have since repeated the coded part of the study, at an interval of three to six months after the first study, with no use of a peak flow meter in the interim. They were selected because there has been no change in their asthma treatment. The same methods were used, with three PEF recordings after each scoring of asthma. In none was there a significant change in slope.
Discussion
The use of turbine flow transducers in respiratory function testing has been reported previously. 7 We compared the Codaflow with the Wright peak flow meter because the latter and its derivative (the mini Wright peak flow meter) are in common use. The calibration of peak flow meters is controversial.2 -48 We calibrated the meters used in the study against a Fleisch pneumotachograph.' The greater linearity of the Codaflow may be due in part to its lower resistance. The correlation between the Codaflow and Wright peak flow meter in 100 outpatients was as good as that quoted for the mini Wright peak flow meter.9 The code has yet to be broken by any user. If necessary it can be changed. The method of coding is suitable for other instruments using a similar form of display.
This study shows that knowledge of recent values of peak flow influences self assessment of the severity of bronchial asthma. Of the 10 patients whose data were suitable for analysis, five showed a significantly higher correlation between visual analogue scale asthma score and PEF when PEF was uncoded, and in no patient was it lower. Five were significantly less aware of the changes in severity of their asthma and scored their asthma as less severe when the PEF was coded, with only one patient seemingly more aware of his asthma when PEF was coded.
A closer correlation during use of the uncoded meter could occur if the measured peak flow was nearer the true potential maximum peak flow. Comparison of the coded and uncoded sets of three consecutive PEF recordings for each subject, however, showed no difference in the variability of the three PEF records and, in particular, no difference in the frequency with which the maximum PEF occurred first, second, or third in each group of triplicate measurements. Since in addition the mean PEF values were not significantly different, the data do not support this possibility.
A change in slope between coded and uncoded periods could occur because of deterioration in asthma with a fall in mean PEF and increased diurnal variation of PEF. But there was no difference in mean PEF or in diurnal variation between the coded and uncoded periods either for all the subjects or for those subjects whose slopes were significantly altered (table  2 ). In only one subject was an increase in slope associated with a fall in PEF and an increase in diurnal variation in PEF.
For the five subjects whose slopes were significantly different in the coded period, the mean PEF was not different from that of the uncoded period but the mean visual analogue scale asthma score was lower. The values for residual variance about each regression, (which, unlike correlation, is independent of slope) showed no evidence that knowledge of trends in PEF influences the scatter around the relationship between visual analogue score and peak flow. Moreover, in five of the 10 subjects there was an upward shift in position of the regression line when PEF was uncoded-that is, visual analogue scores were higher for a given PEF. We therefore, suggest as a likely explanation of the findings that some subjects use the visual analogue scale differently when they know the trends of their PEF.
The subjects were asked always to mark their visual analogue scale before recording PEF. We cannot be certain that the patients did not "cheat" by recording
